Abstract Sedentary lifestyle after stroke is common which results in poor cardiovascular health. Aerobic exercise has the potential to reduce cardiovascular risk factors and improve functional capacity and quality of life in people after stroke. However, aerobic exercise is a therapeutic intervention that is underutilized by healthcare professionals after stroke. The purpose of this review paper is to provide information on exercise prescription using the FITT principle (frequency, intensity, time, type) for people after stroke and to guide healthcare professionals to incorporate aerobic exercise into the plan of care. This article discusses the current literature outlining the evidence base for incorporating aerobic exercise into stroke rehabilitation. Recently, high-intensity interval training has been used with people following stroke. Information is provided regarding the early but promising results for reaching higher target heart rates.
Introduction
Exercise after stroke is an important component in the risk reduction of future cardiovascular events and recurrent stroke , lifestyle interventions such as participation in exercise are extremely important. Further, when an exercise regimen is combined with pharmacologic treatment (i.e., antihypertensive medication), the risk of a second stroke is decreased by 80 % [6] . Meta-analysis suggests aerobic exercise is beneficial for improving cardiorespiratory fitness [7] and walking performance [8•]. However, despite these known benefits, most stroke rehabilitation programs lack aerobic exercise training.
Physical Inactivity After Stroke
Several studies have examined physical activity during stroke rehabilitation and report high levels of inactivity during the day [9, 10] . These observational studies have examined physical activity during inpatient stroke rehabilitation and have reported high levels of sedentary time [9, 10] . When observing activity during the daytime hours (8:00 a.m. to 5:00 p.m.), the individuals during inpatient stroke rehabilitation were seen in bed or sitting 76 % of the day and standing or walking only 23 % of the time [9] . Specifically, one study reported that more time spent in bed was associated with an unfavorable outcome on the modified Rankin Scale (mRS) at 3 months poststroke [10] . Although the majority of time is spent sedentary or in bed, we should consider whether stroke rehabilitation activities are sufficient to provide any aerobic benefit.
Previous work has suggested exercise intensity during traditional stroke rehabilitation is insufficient [11, 12] . In the longitudinal study by MacKay-Lyons and Makrides [11] , they used recommendations for HR intensity from the American College of Sports Medicine [13] for an aerobic training effect. Heart rate range was defined as 60-90 % of maximum HR. They reported that less than 3 min of physical therapy was in the defined HR range, and occupational therapy was under 1 min. This finding is quite striking considering that the majority of these individuals would benefit from aerobic exercise.
A recent study by Prajapati and colleagues monitored selfselected walking activity and HR response during inpatient stroke rehabilitation [12] . The authors were interested in determining whether the time spent walking was at least 10 min in duration with a HR intensity of 40-80 % of HR reserve. The intensity chosen was more conservative than that of the study by MacKay-Lyons. Eight patients participating in inpatient stroke rehabilitation were monitored for 1 day. The authors report that only two individuals met the criteria for exercise intensity, while most had HR values below 20 % of HR reserve. No participants had bouts of walking that were at least 10 min in duration unless it occurred during a therapy session. The authors make important concluding statements that people after stroke should be encouraged to increase walking intensity and duration, and if self-selected walking is not possible, therapists should incorporate structured exercise into stroke rehabilitation.
Cardiac Rehabilitation Models for Stroke
Cardiac rehabilitation (CR) programs adapted for people after stroke appear to be feasible [14] [15] [16] and can improve cardiovascular health [17] . The CR programs offer comprehensive lifestyle management and are combined with supervised exercise sessions. However, most CR programs are not available to people after stroke [14] . This may be due to the need for a variety of equipment other than treadmills or the need for adaptive equipment for different exercise modalities for people poststroke [16, 18] . The available studies to date utilizing a CR model have been 6 months in duration. The work by Prior and colleagues reported improvements in body composition, reduced cholesterol and blood pressure, and improved behaviors for smoking cessation [15] . At enrollment in CR, the sample was considered high risk for a recurrent vascular event considering risk factors such as high cholesterol, sedentary, hypertension, and smoking. However, clinically meaningful improvements in the modification of vascular risk factors were reported. A study by Rimmer and colleagues reported improvements in cholesterol and blood pressure with a 14-week moderate-intensity exercise program [19] . This study was not conducted in a CR setting, but improvements in vascular risk factors were reported. These collective findings are extremely important considering the recurrence of stroke is high after the initial insult.
Aerobic Exercise During Inpatient Stroke Rehabilitation
Most aerobic exercise training studies during the subacute stage of recovery that have been conducted after inpatient rehabilitation has been completed [20] [21] [22] . Only a couple of studies have integrated aerobic exercise as part of inpatient stroke rehabilitation [23•, 24] . The authors highlight the importance that aerobic exercise may have on stroke recovery during the inpatient rehabilitation setting and the paucity of information guiding healthcare professionals for exercise prescription in subacute stroke [23•, 24] . Tang and colleagues discuss an important concept that "impairments in cardiorespiratory function and neuromotor control are independent, yet can mutually reinforce one another" [23•] . The take-home message from that statement is poor aerobic capacity after stroke may limit participation in therapies such as gait training or motor learning activities due to higher energy expenditure. Further, those individuals after stroke with neurologic impairments may not coordinate movement efficiently to participate in activities that challenge the cardiorespiratory system. These are important considerations when designing and implementing aerobic exercise programs poststroke.
The study by Tang et al. was a randomized controlled trial where all participants received stroke rehabilitation by the treating therapists (physical, occupational, and speech). The aerobic exercise intervention was up to 30 min/day, intensity was 50-70 % of peak work rate (from the exercise test), 3 days per week using a recumbent cycle ergometer. The intervention lasted until discharge from inpatient rehabilitation. The control group only received standard therapy. While both groups improved over time in cardiorespiratory fitness and walking endurance (measured by distance during the 6-minute walk test (6MWT)), those individuals randomized to the exercise intervention had greater improvements in these specific outcome measures. It is important to note that the groups were matched for age and sex, and no between group differences were found for baseline stroke impairments measured by the National Institutes of Health Stroke Scale score, Functional Independence Measure, and the Chedoke-McMaster Stroke Assessment.
The work by Biasin and colleagues examined whether aerobic exercise could be implemented during inpatient stroke rehabilitation [24] . The primary physical therapist would refer appropriate people poststroke (based on inclusion/exclusion criteria) for study enrollment. All participants performed a submaximal exercise test prior to the commencement of the aerobic exercise intervention. The supervising physical therapist led the exercise group with assistance from trained support personnel. While the exercise program was feasible, challenges related to conflicting therapy sessions or medical treatment were noted. Further, the authors noted that not all participants reached their target exercise duration or intensity due to the conservative exercise prescription despite having information about exercise performance from the submaximal exercise test. This raises an interesting point about the possible lack of knowledge regarding exercise testing and prescription for people after stroke.
Identified Barriers for Aerobic Exercise Prescription
Despite the known benefits of aerobic exercise, many clinicians underutilize aerobic exercise during neurologic rehabilitation [25] . In a study published in 2013, 155 physical therapists in Canada responded to a survey regarding their knowledge about utilizing aerobic exercise in neurologic rehabilitation. Most of the respondents reported that aerobic exercise should be used in the treatment plan. However, only 2 % performed an exercise test that could be used to guide an appropriate exercise prescription plan, while the majority used the electronic health record for guidance.
Although recent exercise recommendations have been published [1••], there is still limited information from randomized controlled trials (RCTs) to guide healthcare professionals on aerobic exercise prescription in people following stroke specifically during stroke rehabilitation. In order to accurately prescribe exercise, we must have an understanding of the components of exercise prescription. Further, when this information and data is lacking in research trials, the interpretation of results may be insufficient for the replication of exercise prescription in clinical settings [26••] .
The FITT Principle
The components of exercise prescription are frequency, intensity, time, and type (or modality), which are often referred to as the FITT principle [13] . The components of the FITT principle constitute the exercise dose or quantity needed to improve health similar to a pharmacologic intervention. According to a recent systematic review of 37 randomized controlled exercise trials conducted in people after stroke (subacute and chronic), studies appear to be devoid of reporting on all components of the FITT principle [26••] . The frequency and type of modality were reported in 94.6 % of the trials, while exercise intensity was defined in only 59 % of the RCTs. Time was described in 91.9 % of the trials. In order to successfully interpret the findings from stroke exercise trials and implement into clinical practice, more attention must be placed on including and reporting on all of the components of exercise prescription.
The purpose of this review paper is to define the components of exercise prescription and discuss current information related to the FITT principle to help guide researchers and healthcare professionals in utilizing these for exercise prescription in people following stroke.
Frequency
A recent systematic review found 16 aerobic exercise studies in stroke [27] with a frequency ranging from 2 to 5×/week for 4 weeks to 6 months, resulting in a number of total sessions ranging from 8 to 72. The most common frequency was 3×/ week (13 of the 16 studies). The number of weeks varied: <8 weeks (3 studies), 8-12 weeks (7 studies), or 13-24 weeks (6 studies).
Inpatient rehab studies investigating aerobic exercise poststroke typically provide frequency from 3 to 5×/week. One study compared conventional inpatient rehabilitation (CR) plus leg cycle ergometer to CR alone [28] . Frequency was 5×/week for 3 weeks and subjects were followed for 6 weeks. As expected, both groups improved, but the cycling group improved significantly more (p<.01) relative to the control group for the Postural Assessment Scale for Stroke (specifically the ability to stand independently), Fugl-Meyer Assessment, and Functional Independence Measure Motor Subscale. A more recent inpatient rehabilitation study determined the feasibility of exercise testing and prescription and provided a group recumbent stepping program 3×/week [24] , resulting in an average of 7.9 sessions over 19.5 days (every 2.5 days). The total number of visits among the 23 participants ranged from 1 to 16 sessions. All 20 patients who participated in qualitative exit interviews stated they benefited from the program including strength, endurance, and overall stroke recovery. Interestingly, 5 patients indicated they would have liked to participate in the program 5×/week. This is extremely encouraging from a clinical perspective that people after stroke would like to participate in more exercise training during rehabilitation.
A recent systematic review identified 13 aerobic exercise randomized control trials involving persons with chronic stroke [26••] . There were six studies that compared aerobic exercise with a non-aerobic exercise control. Although frequency varied, all showed significant between-group differences in VO 2 peak. Summary results that were significant between groups are shown below by frequency.
& 3×/week for 8 [29] to 13 weeks [30] : VO 2 peak [29, 30] , TUG [29] , 6MWT [30] , 10MWT [30] , and SF-12 [30] . & 3×/week for 6 months [31, 32] : VO 2 peak [31, 32] , 6MWT [32] , and 10MWT [31] . & 5×/week for 8 [33] to 12 weeks [34] : VO 2 peak [33, 34] and 6MWT [33, 34] .
Intensity
Intensity refers to the work rate, effort level, or metabolic demand of aerobic exercise and can be quantified in several ways, including HR, rate of oxygen consumption (VO 2 ), rating of perceived exertion (RPE), watts, and/or walking speed/incline [35] . In stroke rehabilitation, aerobic intensity is commonly prescribed as a target HR, using either a raw percentage of HR max (target HR=target %×HR max) or the HR reserve method (target HR=target HR reserve%×[HR max−HR resting]+HR resting) [1••]. Heart rate max can be estimated as age-predicted maximal HR (AP max HR) using the formula 220−age, the more accurate 206.9−(0.67×age) [35, 36] , or a validated equation for persons taking β-blocking medication (e.g., 164−[0.7×age]) [37] . HR max can also be estimated by the peak HR achieved during a symptom-limited exercise test (peak HR). It is important to consider that peak HR after stroke occurs at approximately 74-86 % of AP max HR, on average [21, 38] . This means that prescription based on AP max HR may overestimate HR max, resulting in a higher intensity than expected [39] . On the other hand, if an individual exercise test is limited by cognitive or motor impairment, rather than a cardiopulmonary endpoint, exercise prescription based on peak HR may underestimate HR max, resulting in a lower intensity than expected [40] . Therefore, clinicians must consider patient performance and potential confounds that could affect exercise performance.
Low-Intensity Exercise
Low aerobic intensity is generally defined as <40 % HR reserve, <64 % HR max, or <12 RPE (6-20 scale) [35, 41] . People after stroke participating in low-intensity exercise programs do not require a baseline cardiopulmonary exercise test [1••]. Exercise prescription using low intensity (<40 % HR reserve) has not been extensively studied after stroke. However, the literature does suggest low-intensity exercise may improve motor performance, gait function, balance, and cardiovascular risk factors [28, 32, 34, 42] . Katz-Leurer and colleagues [28] found that adding a comfortable speed and lower extremity cycling program at <40 % HR reserve to inpatient stroke rehabilitation resulted in significantly greater improvement in balance (Postural Assessment Scale for Stroke) and motor impairment (lower extremity Fugl-Meyer Assessment) compared to usual care alone. Among persons with chronic stroke, two studies have used a comparison control group that performed low-intensity treadmill walking [32] or overground walking [34] at <40 % HR reserve. Although not as effective as the intervention arm, it is important to understand that engaging in low-intensity exercise can be beneficial for improving overground walking speed and gait economy [32] , knee strength [34] , and walking endurance [34] .
Given the prevalence and negative health consequences of sedentary lifestyle in this population [3, 43] and the potential for at least modest improvements in function and cardiovascular risk factors with low-intensity exercise, stroke rehabilitation professionals should promote increased physical activity for persons with stroke. This could be done in the inpatient setting, at home, and/or as part of a community program.
Moderate-Intensity Exercise
People after stroke engaging in moderate-and highintensity exercise should have a cardiopulmonary exercise test [1••]. Moderate intensity is generally defined as 40-59 % HR reserve, 64-76 % HR max, or 12-13 RPE (6-20 scale) [35, 41] . Among persons with chronic stroke, moderateintensity aerobic exercise has been shown in randomized controlled studies to significantly improve VO 2 peak [31, 32, 34, 44, 45] , walking endurance [31, 32, 34] , cardiovascular risk factors [19, 34, 42, 45, 46 ], brain activation [31] , and cognition [29] .
Randomized controlled studies conducted during inpatient rehabilitation have found that moderate intensity aerobic exercise significantly improved exercise capacity [47] , walking speed and endurance [48] , and resting HR [47] . However, one randomized trial demonstrated trends for better outcomes in the aerobic exercise group, but no significant between-group differences were found [23•] . The authors concluded that the duration for aerobic exercise was limited by the short length of stay but that the findings were encouraging for implementing aerobic exercise into inpatient stroke rehabilitation.
High-Intensity Exercise
Vigorous (hard) intensity is generally defined as 60-84 % HR reserve, 77-93 % HR max, or 14-16 RPE (6-20 scale) [35, 41] . Many studies report target intensities that start in the moderate range (e.g., 40-50 % peak HR reserve) and progress into the lower end of the vigorous range (e.g., 60-70 % peak HR reserve), but either do not report actual training intensity [34, 44, 45, 49, 50] or report that actual mean training intensity remained below the vigorous threshold (e.g., 58 % peak HR reserve) at the end of the intervention [23•, 32] . It may be challenging to sustain vigorous aerobic intensity for many people with stroke due to motor impairment and/or aerobic deconditioning.
Continuous exercise at vigorous intensity is especially difficult because it typically draws on anaerobic metabolism, which creates a progressively increasing disturbance to acidbase balance [41, 51] . Such anaerobic training is not sustainable for long durations and has been associated with negative affective responses among healthy adults, which may decrease exercise adherence [52] . However, one study has reported reaching vigorous intensity with continuous exercise after stroke. Globas et al. [30] progressed actual mean aerobic intensity from 49 to 77 % peak HR reserve over 3 months of treadmill exercise for persons with chronic stroke and found significantly greater improvement in VO 2 peak, gait endurance, fastest gait speed, the Berg Balance Scale, mental quality of life, and self-reported mobility compared to that of a control group of usual care. A secondary analysis comparing this study to a similar protocol using moderate aerobic intensity found that the higher intensity was associated with greater improvement in aerobic capacity, and no variable other than aerobic intensity predicted aerobic fitness gains [53] .
High-intensity interval training (HIT) is a method that may facilitate the attainment of higher aerobic intensities after stroke [54] . HIT involves concentrated bursts of intense exercise alternated with recovery periods, in varying combinations of burst/recovery duration and intensity. Among persons with chronic stroke, a treadmill HIT protocol using 30-s bursts at maximal safe speed and 30-s resting recovery periods was able to elicit a mean aerobic intensity of 76 % peak HR reserve in the first session [55] . Another protocol using 4-min bursts at 85-95 % peak HR and 3-min recovery periods at 70 % peak HR found that persons 3-9 months poststroke were able to achieve a median aerobic intensity of 90-93 % peak HR in the final two minutes of the last burst each session [56] . HIT appears to be promising for exercise training after stroke, but further research is needed.
While low-intensity exercise can be prescribed for most, if not all, persons with stroke, higher intensities should be prescribed whenever safe and well tolerated because they are generally more effective. Compared to lower intensity, higher intensity has been shown to elicit significantly greater improvement in aerobic fitness among healthy adults [35, 57, 58] , persons with heart disease [35, [59] [60] [61] [62] [63] [64] [65] , and persons with stroke [53] . Higher exercise intensity has also been shown to confer greater protection from future cardiovascular events among healthy adults and persons with heart disease [66] [67] [68] [69] and to elicit greater improvements in motor function (e.g., walking speed and endurance) for persons with stroke [50, 53, [70] [71] [72] [73] [74] [75] [76] .
Time
Time, or duration, is considered the amount of exercise in minutes per day [35] . In people after stroke, it is recommended that aerobic exercise "time" should last for 20-60 min per session or several 10-min bouts of exercise per day [1••]. In the literature, we found that most studies commence an aerobic exercise intervention between 10 and 20 min and progress to 40-60 min per session [21, 23•, 31, 32, 77-79] . The severity of stroke should also need to be considered when prescribing "time" for an exercise program. It may be more appropriate for individuals after stroke with poor endurance or those with moderate or severe deficits to begin at 10 min of continuous exercise or even have short bouts of rest until the "time" is tolerated.
Type
This component refers to the type of exercise such as aerobic exercise for endurance or resistance training for muscular strength [35] . Individuals after stroke benefit from both types of exercise, but the focus will be on aerobic exercise [1••]. Aerobic exercise can consist of overground walking, treadmill training (with or without body weight support), cycling, swimming, and recumbent stepping. In acute stroke rehabilitation, overground walking during therapy is a common form of aerobic exercise. In fact, in a study by Cumming et al., those who participated in walking activities within 24 h after stroke had better performance on walking at discharge [80] . Early mobilization activities such as walking within the first 24 h poststroke have been shown to be safe and feasible [81] . However, more research is needed to determine the best type of exercise in this early phase of stroke recovery.
Aerobic activity using a treadmill [77, 82] , cycle ergometer [22, 23•, 47] , and recumbent stepper [21, 83] all have been shown to improve cardiorespiratory fitness. These types of exercise could be used during inpatient rehabilitation. Taskspecific training such as treadmill exercise is beneficial for improving cardiorespiratory fitness and walking outcomes [31, 84] . However, balance and safety concerns may be an issue when using a treadmill. Therefore, clinicians may consider a body weight support system to ensure patient safety. Recumbent steppers can also be used if balance is a concern, upright posture is difficult, or walking is not feasible. The recumbent stepper has a seat that swivels making transfers from wheelchair to device safe and easy [18, 21, 85] . A recent study in subacute stroke reported that after an 8-week exercise intervention using a recumbent stepper, cardiorespiratory fitness and walking distance on the 6-min walk test improved after the training period. During inpatient stroke rehabilitation, Tang and colleagues also reported similar findings using a recumbent cycle ergometer [23•] .
Conclusion
Exercise training can be a valuable therapeutic intervention after stroke. However, the literature suggests exercise is underutilized by rehabilitation professionals. Physical activity and exercise recommendations suggest that exercise should be started early after stroke and carried out through the continuum of care [1••]. We know exercise is beneficial for overall cardiovascular health. However, we must be diligent about using the FITT principle to prescribe a comprehensive exercise program to our patients after stroke across the continuum of care.
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